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- Preface

This report evaluates the AGARD Flight Mechanics Panel Symposium on “Piloted Simulator Effectiveness™. held from I4th to
17th October 1991. in Brussels, Belgium.

The intention of the Symposium was to assess the benefits and the future potential of flight simulation in contributing to aircraft
development. skill training, and mission training, for both fixed wing and rotary wing aircraft. In particular. contributors were
asked to compare the results of simulated and real tasks.

The papers were wide ranging and of high quality; several new ideas emerged. The techriology of flight simulation has greatly
improved since the last FMP Symposium on this topic. in 1985. The emphasis of work relating to fixed wing aircraft has shifted
towards systems integration. A greater contribution to helicopter design and clearance is also evident.

Although new visuali display devices show great promise for military tlight training at high speed. low level. they are not yet fully
proven, and it is recommended that an early return is made to the topic ot pilot training. Simulator validation and fidelity are
also of growing importance.

Preéface

Ce rapport ¢value le symposium organisé par le Panel AGARD de la mécanique du vol sur le theme “L'efficacité de la
simulation pilotée”. du 14 au 17 octobre 1991, a Bruxelles en Belgique.

Le symposium a eu pour objectif d'évaluer les avantages et le potentiel futur de la simulation du vol pour le développement des
aéronefs. la formation technique et I'entrainement a la mission. et ceci pour les aéronefs a voilure fixe et a voilure tournante. En
particulier. il a ét€ demandé aux conférenciers de faire la comparaison entre les résuitats obtenus pour des taches réelles et ceux
pour des taches simulées.

Les communications couvrent un large domaine et sont d'une grande valeur, faisant état, parfois. d'idées nouvelles. Des
améliorations considérables ont été apportées aux techniques de la simulation du vol depuis le dernier symposium organisé sur
ce sujet par le Panel FMP. en 1985. En ce qui concerne les aéronefs a voilure fixe, les travaux en cours dans ce domaine évoluent
vers l'intégration des systemes. A noter également. I'intérét accru pour la conception et I'homologation des hélicopteres.

Bien que les nouvelles visualisations soient trés prometteuses pour I'entrainement militaire au vol a grande vitesse et a basse

aititude. elles n'ont pas encore fait leurs épreuves et il est recommandé de réexaminer. en priorité. la question de Pentrainement
des pilotes. Enfin. 1a fidélité et la validation des simulateurs est également un sujet qui prend de plus en plus d'importance.
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TECHNICAL EVALUATION REPORT

. 1. Introduction.

From a minor role in aircraft design, development and clearance in the 1950's, tlight simulation now has an
established part to play. A further and vital contribution to aerospace lies in the use of simulation for
crew training in almost all operational tasks. The contribution that flight simulation can make in these
areas continues to increase, as the elements used in simulation improve. These improvements stem from
developments in non-aerospace activities, such as communications and entertainment, which fund advances in
graphics and display technology beyond the resources of flight simulation alone. Similarly, general advances
in computing technology meet the need for complex modelling and real-time processing.

In a rapidly changing discipline such as flight simulation. it is important that advances are accessible to
workers in the field. AGARD provides the ideal forum for this process, in the form of Symposia and published
documents such as Conference Proceedings. The Flight Mechanics Panel devotes a Symposium to Flight Simulation
approximately every six years, at which time, new developments can be aired. Because of the rapid progress
and the broad scope (even when confined to military applications), the theme for the symposium has to be
chosen with care. Should it focus on the technology used to design simulators, or on the facilities to meet
users’ needs, or on the experiences of operators?. The need for a meeting on Flight Simulation was also
appr~nriate because of the changes which have come to Aerospace since the last meeting in Cs.bridge in 1986;
changes wu.ch are having a serious effect in all areas of simulation. World economic recession, political
changes in Eastern Europe, and the Middle East conflict have had a profound influence on short term
prospects. Research budgets have been cut, Industry is contracting, and the financial pressures on all
projects i{s intense.

It is appropriate, therefore, that the FMP chose as a theme for this meeting "Piloted Simulation
Effectiveness”. The intent of the Symposium was "to provide information on the benefits and potential that
the many elements of simulation technology have to meet the different task requirements during conceptual
R&D, afrcraft development. skill training, and full mission training. The scope includes both fixed wing and
rotary wing aircraft, and their systems."” Particularly welcome were papers in which simulated and real tasks
were compared, and methods of measuring effectiveness were identified.Alsc sought was a Keynote address "to
give a realistic view of the current capability and shortcomings, and also the future potential of
simulation”, to be given by a user, rather than a provider, of simulation.

The conference was divided into four sessions; each session devoted to a particular topic. The topics were:

. Alrcraft development,

. Skill training,

. Full mission simulation,
. Research applications.

& W N

Two distinguished speakers provided the keynote addresses. Their contributions were complementary. Dipl. Ing.
J Heyden, Head of Defence Directorate, Federal Ministry of Defence, Germany, dealt with issues in general:
current use and limitations of simulation, and opportunities for greater use in training and aircraft
development. Col. R.A Borowski, Head of Flight Dynamics Directorate, Wright-Patterson AFB, USA, gave specific
exanples of simulation in major aircraft development programs, and commented on the standards and
shortcomings from a pilot’s point of view, based on personal experience.

The Keynote addresses were unusually informative for this kind of Conference. It is worthwhile, therefore, to
re-iterate in this report the main points that were made. This will be followed by a discussion of each of
the four sessions listed above.

Attendees at this type of conference are, generally speaking, highly qualified and experienced in their
field. They expect to learn something from related disciplines, and hope to extend their specialist
knowledge, by listening to presentations, by reading the papers, and by the opportunities afforded for
personal contacts. In assessing technical merit, therefore, the following criteria, if not already covered by
the standard advice given by AGARD to authors, should be applied. Do the papers cover new ground? Do they
address the advertised issues? Do they contain sufficient detail to allow their results to be duplicated? Do
they give references? And does the spoken version hold the attention of the audience?

2. Key Issyes.

H. Heyden defined the two areas in which piloted simulators are used, as follows

»

Definition of Handling Qualities Requirements

* Cockpit Procedure & Proficiency Training

*

Flight Control and Sub-system Assessment
Modification and Up-grading

* Emergency Procedure Training

* Crew Co-ordination & Mission Management Training
* Flight Vehicle Sub-system Acceptance Testing

* Type and Weanons Trainiug and Certification

*

* Familiarisation with New Technologies Development of Certification Standards

(Automation)
* Validation of Design and Systems Capabilities

* Low Level Flight & Mission Rehearsal Training for Contractor Selection




It will be seen that the papers presented. listed in the Appendix address most. i: net all, of these topics.
He also defined the critical factors concerning military flight operations in turope. as follows

Critjcal Igéges of Milivary Flight Operations in Eurepe

* Flight Restrictions due to
- Limited Combat Training Ranges
- Dense Air Traffic
- Flight Safety Aspects (Air Crashes)

* Flying Hour Reductions due to
- Declining Budgets
- Rising Costs of Flight Operations

* German Ban on Low Flying due to
- Greater Environmental Awareness (Noise Annovance)
- Increasing Public Reluctance and Opposition

* Adverse Effect on Aircrew Morale?

The question which H. Heyden poses is "to what extent can current standards of flight simulation be used to
alleviate the effects of these factors?" Clearly, there are shortfalls, mostly related to pilot acceptance,
but research activities are underway to provide solutions. One activity in Germany receiving particular
attention is that of simulating high speed, low level flight. This figure lists the key factors in terrain
following training simulation.

T i ollow i mulatio

Geperal Requirements

* Accurate Modelling of Afrcraft and Environmental Dvnamics
+ Effective Visual Description of Cutside World

- Large Field of View (FoV)

- High Resolution Computer Generated Imagery (CGI)
* Realistic Motion Environment

- High Fidelity Motion

Problem Areas

* Sipulator Induced Sickness (SIS)

* Neural Mis-Match (eg Neural Storage of Experience)

* Biodynamic Interferences (eg Pilot Induced Oscillations)
* Variability of Information and Control Strategies

Col.Borowski picked up the theme of problem areas, and discussed the standards ot simulation currently in
use. He looked at devices operating in the United States, from a pilot's point of view. They range from
"folding chair" simulators (monitor, joystick, and desk-top computer) to the large dome full projection
systems for combat missions.

He reported a simulation of the Harrier on the VMS at NASA Ames. in which a change from motion off to motion
on made a marginally flyable task into one which was easv Lo control. "as if a powerful and effective set of
stability augmenters had been engaged". On the Crew Station Research and Development Facility, also at Ames,
he flew a simulated helicopter manceuvring at low level. The fixed base simuiator uses the CAE helmet to
provide a wide angle display. He found an overwhelming sensation of motion. and could distinctly feel the
forces applied to his body. In resolving the basis of these sensations, he experienced motion sickness. In
fairness to the equipment, he was outside its intended regime of operation.

He also drew our attention to other successful simulator programmes- the agilitvy work in the domes at NASA
Langley, the development of the HL20 "space taxi" flving qualities. also at Langley. the NASA Dryden work on
minimum reversionary standards of flight controls, and the in-flight simulators funded by Wright-Patterson
AFB. A new addition. VISTA (a modified F-16) is scheduled to fly in November 1991. His final examples were
the simulations used to assist in the development and clearance of aircraft such as the X-29 and the STOL
F-15.

To complete the summary of the key issues, it is instructive to look at H. Hevden's recommendations, which
took the form of a challenge to the assembled experts.

Recommendatjons
Challenges to the AGARD and Expert Community here today concerning Aspects of Affordability:

* What are the Minimium Equipment Requirements for
- Development and Verification Simulation
- Pilot Training Simulation
- Complex Air Warfare Simulation?

* Where are Cost-Effective Enabling Technologies
to improve Simulator Fidelity?

* What Measures must be taken to increase the
Pilot Acceptance of Training Simulation?

* What Means of Simulation Facility Concentration and
Standardisation may improve NATO Military Operational Effectiveness?




3. Technical Programme.

3.1 Session 2. Aireraft Developﬁenc.

The session consisted of seven papers., two of which related directly to helicopters, and three to fixed wing
aircraft. As evidence of the growing contribution that simulation makes to helicopter design and development,
the helicopter related papers gave a comprehensive picture of progress in that field, whereas the fixed wing
papers each dealt with a specific examples of aircraft systems which were developed or cleared by simulation
in supporc of flight test.

Paper 5 covers the difficult area of helicopter modelling. The aerodynamic model is dominated by the forces
and moments generated by the rotors.and the complex flow patterns they induce. The paper describes in detail
the relative merits of three levels of rotor modelling- linear analytical, hybrid (rotormap), and blade
element. The validation of the models is then discussed. and flight comparisons are presented for a variety
of manoeuvres. Finally, examples of helicopter simulations at McDonnell Douglas and at NASA Ames are
described. Paper 6, from MBB. describes the simulators thev used to develop their range of rotary wing
aircraft, with useful comment on the hardware standard needed to address a particular area of interest. The
importance of both objective validation and subjective validation of the simulator is stressed, and
interesting observations are made on the attitude of their test pilots to flight simulation (reflecting a
general feeling at the Symposium, that pilots still see simulators as useful but artificial). The paper
concludes with sound advice to all users of research and development simulators.

The papers relating to fixed wing aircraft (3,4, and 8) each deals with a specific aircraft, and the support
given to flight test by simulation, in clearing a system. Paper 3 gives a clear account of a violent pitch
oscillation which occurred on a US fighter during practice air combat, and how a fixed base simulator
contributed to the investigation of the problem and its solution. The cause of the pio, control surface rate
limiting, was identified guickly, because good flight records of the incident were available. The standard of
the aircraft model in the simulator was sufficiently accurate to achieve a near match, once the right
combinations of control inputs were found. It is concluded that ground based simulation is now an essential
adjunct to flight testing.

Paper 8, also from a flight test centre, gives a similar message. In this case. the task was to develop an
active ground-avoidance system for the F -18. The simulator was used to reduce greatly the flight ctest
programme, by isolating critical cases, and by eliminating options on the basis of pilot opinions obtained
from the simulator. Papers 3 and 8 both stressed the value of the simulator in reducing the risk of flight
testing.

The third fixed wing paper (paper 4) gave a good overview of the development of the digital flight control
system for the A 320. Some of the issues have been presented previously: side stick implementation, manoeuvre
demand laws, and protection methods. However, the discussion on the implications of digital flight control on
training simulator issues is timely. Aerospatiale believe that the use of the actual system hardware and
software is essential- stimulation rather than simulation.

The message of paper 7 was that modelling and real time simulation plays a vital part in the development of
radar-based terrain avoidance systems. The problems and Lenefits are w. 1" ratalogued, but ihe paper contains
neither examples of a radar svstem. nor simulator to flight comparisons. Nor is the part played by the pilot
covered in this paper.

The last paper in the session (paper 9) was a report on the progress of the FMP Working Group 16, on
Simulation in Aircraft and Systems Flight Clearance. Validation of the simulator is a key issue, and the
areas where difficulties arise are discussed. These include obtaining relevant flight data, computer
modelling f(real rime ard4 non-real time), visual and cotion simulation deficiencies, and software
verification. The case is made for greater use of simulators fecr certification of militarv aircraft, because
the cost savings are potentiallv greater than those currently achieved by the use of simulation in the
certification of civil aircrafc.

3.2 Session 3. Skill Training.

To embrace all the papers gpiven in this session, a loose definition of "skill training"” has to be applied.
For example. paper l4. trom Alenia, mignt easily have been placed in the section on Aircraft Development, in
spite of the reference to training in the title. Paper 13 ¢ialifies for this session only by remembering that
the reported activity contribuces to the skill of test pilots. Nevertheless., all the papers were well
prepared and presented. and contained interesting information.

Paper 10. from NLR, deals with the basic issues of training. First. it discusses the deticiencies of present
standards from a pilot's point of view (credibility). The next point is that unless pllots react in the
simulator in the same wav as thev do in the aircraft, training effectiveness is compromised. An example is
given of different arousal levels in simulators and flight, by showing heart rate measurements at take off.
The issue of realism is raised. and whether it is possible to i{nduce a state of anxietv in simulators. The
“av ahead is to expand researcn activities, and the available mechanisms are listed. The final suggestion,
that new training simulator contigurations should first be tested in a research simulator, is clearly weant
as a debating point.

Paper ll describes an ambitious new facilitv. the Simulator Complexity Test Bed, for the US Army at Fort
Rucker. It will be used to study issues relating to the transfer of training, simulator fidelity, and
tactics. Customer s -eptance is underway at CAE; deliverv is in six months. Features are configurable
hardware. two cockpits. operator’s station, red/blue team station, 10 channels of ESIG 6000 visual image
generation, and eve slaved FOHMED helmet displays.




“n aeromedical expert trom the Nether.inas presented I.iper .. Tle auestiun it roses 1s whether or not
spatial disorientation can be induced 1= a simulator which 1s able siso to represent ~vpival pilot trainimg
casks. Serious losses of aircratt ana p..olsS are oCccurring due to (.ss o1 conscilousness snhcé cisorientation,
The solution seems to lie i1n better wrcuna based training.This cnailenre coincides with :ne call from other
speakers tor greater realism. ana the need to simuiate stresstul situations.

Test pilots under training at Edwards Air Force Base learn the fundamentais or tlight control and flving
qualities with the help of both ground based and in-tlight simulators (paper 1:i) The value of the method is
emphasised, and the ease with which the effect of aerodvnamic derivative changes can be cemonsctrated. The
work described. however, does not »reak new ground, 3na misses “ne opportunitv to report subjective
comparisons bv pilots between fixed base and in flight simuiation

Flight simulation was used extensivelv for the development ot I[taiv’'s aM-A. .nd for p:ilot training. Many
examples are given in paper 14 of problem areas which benetitted from eround based simulation- high angle of
ictack flight, spinning, navsattack. weapon deliverv. hud. and autopijet. Zimulator/ :light comparisons are
also included. Prior to deliverv o -ne training simulator. *he R 4na D simulator was also used for
operational pilot conversion. Uf particuiar value was the demonstration ot . "pop-up” .zzack profile which
ivoids negative g , and so reduces rolii-induced sideslip. The presentation concluded with a video. of
narticular note was the value of the sirulator in recontructing and ~1sualising the deveioped spin The view
trom the cokpit, and a computer generated view of the aircratt were seen simuitaneousiv

1.3 Session 4. Full Mission Simuiation

Since the 1987 FMP meeting devoted to Simulation. the need tor :ull mission simulation has become more
pressing, and the equipment standard to simulate a full mission has become available. Although "full mission”
is an open-ended definition. the characteristic that distinguisnes . (il aission simulator from an
operational flight trainer or a deveiopment simulator. is the need :o provide inter-active opponents. The
tvpe of threat and the number ot plavers lead to complex scenarios wnich can incluae triendlv forces acting
in support, and envirommental factors sucn as counter-measures.

The intention of the session was to describe the nrogress which has been rade in this Important area.
rarticularly wiih respect ro the means ot establishing accuracy sna waitdity The tirst 7o contributors
.papers 15, 16) described two large faciiities for research: the Engineering Development Full Mission Flight
Simulator. at Sikorskv, USA, for heliccpter operations. «4nd the USAF Vlight vnamics [.rectorate’s Ground
Sased Air-combat Simulation ot ICAAS errated Control and Avionics for Alr bhuperinriivoat ~right-Patterson
AFB. Both facilities represent substanrial investments :n simulat:i:on. and »ach paper nives an excellent
description of the philosophv behind tne project. the structure, .nd the haraware components. Neither paper,
however, addressed the questions "what problems were soivea along ihe wav’" ine "how weil does it perform?”™.
n both cases, it is likelv that the answers would be “earlv davs . we wili have to wait Tor future meetings
to hear about validation and use.

The next two papers (17. 1Y) aiso had w:de appeal. The economic !actors reterred to :in Section 1 have had a
sarticularly depressing etiect on the ranutacturers ot miiitarv fraiming simuiators. . the tide turms, and
-ustomers return. thev will wish o ot:ier new technolomies with vontidence. foth vapers discuss exciting
visual displav developments: i Britisn iaririer GR 9/7 simulator uses ine Singer bsprit area ot interest
displav. and the German Tornado lest Lea to evaluate the simulation o Ligh ~peed low jevei tlight uses the
’AE FOMMED helmet displav. Both programmes are the culmination ot .:i 2sive deveiopment. and success will
‘iictate future procurements. Delepates were therefore hobing ftor rews oI progress in ooth projects. Both
rapers describe clearlvy the concepts anc hardware, and the speakers wered Tuestions nonestlv. but the big
;uestions. "how acceptable to operationa. pilots are tnese simulalors:” ina ‘<nat .i=pects need improvement?”

‘ave to be answered at tuture meetings.

msut *ne reactions o1 pilets te ‘il

The last two papers ir rhi- _. . z{.c 40 MW do eonrain irmtoarma

mission simulation. Paper 1Y describes ¥3R’'s tacilities ior :tfe Lay ot R combat. - iink to the domes at
TABG is available, to provide up to ranned combat capavilitv. -eported resuits include Diiot comments on

complex sCenario luformalion wlihout contusineg "o ?110[. He wants
n prioricties. [he paver also vs stat in the simuiator trials of BVR
rease il ratio bv 4 tactor ot three.

the cockpit displav problem ot present
o make the decisions. but needs heip
~ombat., Their AMS (Attack Manoeuvring >vstem) produced an .

Paper J0 describes the US Navv's V-J. Tsprev Simulator at Patuxent Piver. 'nlike its predecessors. most of
the paper is devoted to the obijective ana subjective validation ot the simulator. Time histories are included
comparing simulated with actual flight. and comments are made about where the simulator is representacive of
the aircraft, and the areas where improvements are needed (ship airwake modelling, .und shipboard visual
~ueing). Evidence of the value of the situlator lies in the completion ot deck landine trials of a prototvpe
sircratt without mishap.

3.4 Session 5. Research Applications.

The tinal session consisted ot ten papers covering a wide varietvy or topics to which simularion studies have
contributed. These include civil aircratt tlving qualities, militarv aircratt flving qualities. rotary wing
aircraft flving qualities, cockpit dispiavs. avionics. and pilot cueine.

Paper 21. from ONERA. gives an overview of three investigations to select preterred primarv flight contral
laws by ground based simulator trials. The investigatiens span a number of vears. and so the title “new
concepts” could be challenged: even so. the paper is a useful and thorough documentation of the use of
simulation in this vital area of design. Two of the investigations were part of a GATEUR pregramme, involving
co-operation between research centres in four countries. Their successful conclusfon is an encouraging
pointer to the form that future research may take (other speakers made reference to the European EUCLID
programme . in which Governments and Industrv are to co-sponsor research). The conclusion of the paper is that
these programmes benefitted from having two levels of simulation: a simple standard. for preliminary
investigations, and a more complete and representative simulator. for fine tuning of preferred options.

M




‘esearchers in flving qualities are still pre-occupied with the :iniluence ot flight control svstem time
ielavys and lags. It is wunderstandable. in the sense (nhat current hardware standards in ground based
simulators otten sutfer trom delavs wnich couid compr-mise their use tor certain investigations. The three
papers on this topic (23, 24. and 27) all reported -vcent and significant work. Puper 22 contains a valuable
analvsis of helicopter flving quaiitv assessments made on the VMS at Ames. For a baseline set of vehicle
dynamics. variations were made to the dvnamic v.sponse of the simlator’s visual and motion svstems. which the
pilots interpreted as changes to the tly .- nualities. Two of the siunificant findings were: first, that
there is a need to tailor the dvnamics o:r .he motion svstem to suit the task. (Although the mot:ion svstem
improved ratings tor all the task simulated. this result mav imply that zor a penign task. there would be ro
need for motion cues). secondlv,.there was evidence to suggest that with motion on. 1t is preterabie to have
some time delav in the visual svstem. to minimise the mismatch between the visuai and motion responses.

The primary purpose ot the work described in paper 24 was to validate a simulation ol a ilanding approach with
1 lateral otf-set on the Bedford Large Motion Svstem. against the same task in tiight. using Calspan’'s
_earjet. The vehicle dvnamics were deeraded progressivelv. bv introducine a :uag in the roll comsand patn.
Results from fixed base. motion. and in-tlight simulations were compared The presentation was enhanced bv a
rideo tilw, showing approaches with the pilot rating super-imposed.

"he significance of time geiavs on transport aircratt controls (as opposea to tighter controls) was covered
in paper 27, with supporting data from a moving base simulator. Several interesting ideas are put forward.
lt appears that pre-filter lags degrade transport aircratt handling less than fighter handling. ,This mav
explain why airline pilots are less critical of their simulators than militarv pilots are of theirs). A
rationale i{s given for the variations of pilot ratings with time delav from different experiments.

Simulation and flight are compared in paper /8, in terms of pertormance and pilot opinion, for a heiicopter
doing IFR landing appraches. Other <conditions tested inciude motion onsoff. and IFR/VFR flight. In the
concluding remarks it is noted that validating the simulator with the real helicopter needed both objective
~esting (flight records), and subjective testing (pilot fine tuning) The task was founa to be insensitive to
simulator configuration (motion on/off, visual onsoff). which seems to correlate with the implication of the
reduced need for motion cues when the task is benign, as discussed in paper 23

A further comparison between simulator and flight is given in paper 0. tor two tixed wing aircraft. In this
case, the simulator was fixed base. Considerable attention was given to the details of the scene presented to
~he pilot by the visual display, particularly during the landing tlare. Two tvpes ot aircratt were simulated,
and a close correlation with flight was achieved. In.the flared landings, mean sink rate at touchdown was
lower in the simulator than in flight. due., said the author. o the presence in the flight results of
itmospheric disturbances.

Several previous speakers had emphasised the importance ot ground based simulators in the clearance of flight
control systems. Paper 26 makes the same point, except that the flight control svstem is also in a simulator-
the DLR Advanced Technologies Testing Aircraft Svstem. AITAS. The ATTAS has a complex digital fly bv wire
<ystem. For testing and validation, a ground based simulation was tound to be essential. The ground modelling
included parameter identification from ground records. A turther use of the simulator is to allow test pilots
to prepare tor airborne evaluations.

Papers were also presented on advanced cockpit displays. Research into displavs tor transport aircraft will
be possible on the Deutsche Airbus Facilitvy, described in paper (> It uses the concept ot a virtual cockpit.
in which software is used to generate display formats, rather than hardware. resulting in large cost savings.
flexibility, and versatility. The development of cockpit displavs tor .ow levei ligh speed flight is the
topic of paper 22, from Dassault. The displavs were designed to give a perspective view of the terrain ahead
ot the aircraft. viewed bv the pilot on a colour CRT in the cockpit. Manv parameters. such as field of view,
scene complexity, and displav update rate were evaluated in a Ratale simujator. The use ot the simulator
freatly reduced flight testing, and prepared the wav for the specification ot alrborne equipment. Film ot the
simulation was shown.

The expanding use of flight simulation was also seen in the the large scale testing described in paper 29.
The manned simulator programmes at NASA Langlev on fighter manceuvring at high angie of attack. and the
criteria relating to agilitv were described. Correlation with tull scaie tlight resuits is the primarv means
of validating the simulator resuits. The questions of pilot experience., and pilot rating scales. are aiso
addressed.

4. Conclysions.

+.1. The high standard of technical papers which has characterised AGARD FMP meetings over the vears was
maintained at this Svmposium. The papers were broad in scope, well presented. and well received bv the
delegates. It was a testimony to all contributors that all the papers were given - the recent trend at other
conferences has been to a significant number of "no shows”. Attendance was good. and the facilities were
excellent.

4.2. Since the last FMP Svmposium on Flight Simulation, at Cambridge. UK. in 1985, several advances in
simulation technology were revealed. Notable was the reported use of simulators in helicopter design.
developwent, and flight ciearance. There has also been a shift in the emphasis of work on fixed wing
aircraft, from flying qualities and tlight mechanics, towards systems deveiopment and certification. Full
mission simulation is increasingly prevalent in R and D. and will soon be established as a contributer to
operational crew training.

4.3. A broader spectrum of simulator devices is emerging, ranging from low cost, desk-top devices, to high
cost, fully cspaple simulators. Each device has a particular part to piay in the varied applications of
simulation. At the top end of the range, the realism of the simulation still leaves room for improvement,
particularly in representing the wore demanding regimes of ailitary aircraft operacions.




- - Additional i{ntormaticr cmerged Gr The SVOPPOSIUM ¢ ‘nCernlne (e tecnnlaues wnich i.mit ihe acceptance of
>imulatlon in scme appilcations: visuai image »~uneration and GisDidv. TOCLION SVSLem rerrormance, accuracv ot
todelling, ana temporal ticeiitv. All ot these lssues .are compiex and conditionai. so0 that simple criteria of
icceptabilitvy (are motion :u:es necessarv’. will . time delav intrude’} oniv ne defined for particular
sircumstances - rlight concition, task. environment. ana pilot backprouna. s tlight simuiator usage broadens
into new areas, research :o define standards as a :unction of appiication is urgentiv needed, until
“echnology advances provide -omponents which taithfully mime the real world

- 3 The theme of the meeting. plloted simulator erfectiveness, ~as we.i :overed. hut too much time was
jevoted to the description ol facilities. without intormation on their erfective-ess. "his issues gave cause
ior concern to Mr A ¥ Cook. the author ot the Technical Evaluation Report ot the i?85 meeting, at which 7
rapers out of 16 described ‘acilities :Reference' This svmposium contained i similar proportion. He went so
car as to recommend that :ne FMP should set up a Speclalists Lroup to meet regularlv on the topic, and "to
d1minish the presentation at tormal svmposia or the more mundane aspects ¢! taciliIv description.” There are
~ractical difficuities to -ne implementation ot Mr Cook's recommendation. the Flight Mechanics Panel can
LIprove matters. bv stricter control of paper seiection.

5 The kevnote speaxer tirst word snhouid +len .:st Tew oD the delegates would

iisagree with H tHevden's .istC

‘ancjusions
* AGARD plavs an indispensabie Role in the Development nt Piloved Simulation
* AGARD provides a Cost-Effective Technical Forum to the NATO Filoted Simulation Comsunity

*+ AGARD should continue to Accumulate Multi disciplinarv Simuiation Expertise in its
rarious Technical Paneis

The goals rthat were set for the aerospace :industrv ir the »i's and s were challenging,and required
:xtensive research and development. Minv narsanisaticns .-ontributea  ::nging was avallable. and information
was treelv exchanged. The past decade has seen this situation change: tewer Drojects. a contracting industry,
snd less R & D funding. Research propsrammes take longer to impiement ..e sublect to commercial scrutiny. and
‘ne earlvy release ot :(nformation i restratned v oonsiderations : l.igstrial fFropertv Rights (IPR).
Zonsequentlv, -he work ot AGARD as 4 piatform tor the uissemipation cf irlormation :s more important than
“efore. AGARD conferences act as a catalvyst tor :ndividuals ana organisations o mrake their results
1wailable. and for knowledge to be shared. Althoueh tne continuine importance ot ACARD applies to all the
Fiight Mechanics Panel inlerests. - has a special sisnificance o =he iiscipline nr Flight Simulation.
recause ot its expanding range ot application. This Svmposium has c.eariv -hown the progress in the last six
vears. and the expectations tor the tuture.

Tirers riven at the Svmposium indicated :chat

L) the use ot flight simulation has ecxpanded considerabiv in the ceve.ovment rt tixed und rotary wing
airrcraft  In particular. testing and tlight ciearance of airtframe and svstems 15 now dependent on simulator
activities. Contidence 1n the techniques :s vstablished. ind benetiss :: eowr. *imescate. and risk are
Droven.

<) the use ot fiight simulation tor the training of militarvy -rews iaes nnt ~eceive the same wide
icceptance, and falls short ot the use ot simulators dv “nhe airline nperazars -n *rain civil crews. Reasons
tar tnis difference were seen 4t -"he Svmposium: the more demMAaNAInE <Senarics. e (ack ot realism for certain
'4sKks . and the supposea threat "o tlving hours.

‘e military crew tralning s:tuation vouid easiiv change. s current sctivities hear :rruit. In addition to
‘ne verman MoD research on sizuiatine hieh speed low level tlight. -rne British Harrier simulator, and the US
irmv tacilitv at Fort Rucker. experience mav soon be revorted on simuiators tor initial pilot training. on
Tne use of crewroom Iraining aids. on rrojected wide angie dispiavs. .n more :i-tailed modelling methods. and
‘ne use of structured training [here .s theretore a strong case tor irht Mechanics Fanel to return to
“ne repic of Trainineg before | 447

ther areas which the MP should mnnitor were ::entified a4t *ne v R :» increasing use of flight
stmulation bv *he R & D ~ommunitv makes rhe metnods o: .cceptance ina cdation i rev topic. The results
trom WG 15 will be puplis™ed in (392: {: remains Zo be seen whether tnls work will cover ~he validation of
Full Mission Simulators. The value or such simulators is directlv reiated to their ability to create
realistic scenarios.

The issue of realism also appeared at the conference. Realism is an abstract qualitv. and the call for it
strengthens the case for suniective as well as obiective walidation. .an rralism ve regorised in a manner

imiiar to trhat used in t.ving ¢uailty assessments. ‘nhe rating scaie, wnicn the FMP cid :o much to promote
*hirtv vears ago? Or does 3 measure ot realism reguire a different approach”

here 1s possiblv a iink between the aeveiobment ot more realistic s:muiators and the reported occurrences of
‘simulator sickness” Several speakers at the conference touched on the tovic ot the possibility of adverse
shvsiologicali etfects on rtne nilot in some simulators There is a need o identifv -ne ssfe ground, vhere
fiTuiarors <an vcontinue - ne used without prooiems o *his rature. .nti. i oetter understanding of the
tecnanisms can be tound. Perhaps «G U wili contribute to the discussion

Finallv., the conditional relacionshins between simulation scandard ana application emerged from :he
contributions of several speakers. Research should be encouraged to establish these relationships in a more
formal manner. as part of the move to improved methods of validation

5. Reference.
AGARD-AR-234 "Technical Evaluation Report on the Flight Mechanics Panel Svmposium on Flight Simulation®.

Anthonv M Cook October 1986




weendix.

’rogramme - FMP Symposium on Piloted Simulation Effectiveness.

‘londay 14 October

legistration
sriefing for Session Chairmen, Authors, Interpreters
Jpening Ceremony

Session 1 - Keynote Addresses
Chairmen: A.A. Woodfield (UK), S$. Baillie (Ca)
‘aper

Opportunities for Flight Simulation to Improve Military Operational Effectiveness
Ministerialdirektor J. Hyden, Ministry of Defence (GE)

Piloted Simulation in Research and Development
Col R.A. Borowski, Wright-Patterson Laboratory (US)

Session 2 - Aircraft Development (Part 1)
Chairmen: J. Tresset (FR), F. Sella (IT)

Use of Simulation in Flighc Control Identification and Solution Verification
K. Keller, D. Jansen & A.Asay, Edwards Air Force Base (US)

Digital Flight Control and Piloted Simulation
D. Chatrenet, Aerospatiale (FR)

The Application of Flight Simulation Models in Support of Rotorcraft Design and Development
P. Shanthakumaran, D. Banerjee, McDonnell Douglas Helicopters (US)

Experience with Piloted Simulation in the Development of Helicopters
M. Obermayer, K. Kampa, W. Dohnel, A. Faulkner, MBB Helicopters (GE)

Session 2 - Alrcraft Development (Part 2)
Chairmen: M. Tischler (US), J. Martinez-Garcia (SP)

Usefulness of Interactive Real-Time Simulation for Development of Radars in Terrain Following Functions
(Interet des simulations temps reel interactives pour le developpment

de la fonction suivi de terrain des systems vadar)

T. Martinet, Thomsou-CSF (FR)

Use of High Fidelity Simulation in the Development of an F/A-18 Active Ground Collision Avoidance System
T.R. Fitzgerald, M.T. Brunmer, NATC (US)

Simulation for Aircraft and Systems Flight Clearance (AGARD FMP WG16)
A.A. woodfield, J.R. Hall, DRA (UK)
uwesday 15 October

Session 3 - Skill Training
Chairmen: B. McCormick (US), Z. Ghikas (GR)

0. Aircraft Simulation and Pilot Proficiency: from Surrogate Flying towards Effective Training
P.G.A.M. Jorna, E.R.A. van Kleef, W.P. de Boer, NLR (NE)

1. The Use of a Dedicated Test Bed to Evaluate Simulator Training Effectiveness
D. Kurts, CAE (CA) & C.P. Gainer, Fort Rucker (US)

2. G-Tolerance and Spatial Disorientation. Can Simulation Help Us?
!, Smit & R.E. van Patten, NLRGC (NE)

3. Use of Ground Simulation in the USAF Test Pilot School Curriculum
S. Louton & D. Ringenbach, Edwards AFB (US)

4. Aeritalia AM-X Flight Simulator from Coarse R & D to Full Mission Trainer
A. Armando, P. Castoldi, F. Fassi, Alenia (IT)
Session 4 - Full Mission Simulation

Chairmen: J.A. Mulder (NE), K. McKay (UK)

Full Mission Simulation. A View into the Future
M. Ferranti, Sikorski Alrcraft (US)

[V

6. Full Mission Simulation for Research and Development of Air Combat Flight Management Systems
D.G. Goddard, J.M. Zeh, Wright Lab. (US)




17. The Evaluation ot Simulator Effectiveness rfor the Training of High Speed, Low Level,
Tactical Flight Operations
A. Morris, CAE (CA)

18. Harrier GRS/7 Mission Simulator for the Royval Air Force
P. Jackson, Link-Miles & B.R. Clifford, MoD (UK)

Vednesday 16 October

19. Development and Evaluation of an "Attack and Maneuvering System” with Combat Development Simulators as
Main Development Tool
H. Eibl, H.G> Offenbech. H.W. Pongratz, MBB (GE)

20. Shipboard Mission Training Effectiveness of the Naval Air Test Center’'s V-22 Government
Test Pilot Trainer
C. Miller. G. Vandervliet, NATC (US)

Session 5 - Research Applications (Part 1)
Chairmen: G. Schaenzer (GE), G.H. de Leeuw (CA)

21. Use of a Research Flight Simulator for Development of New Concepts of Mission Oriented
Flight Control Systems
(L'emploi d'un simulateur de vol de researche pour le developpement de
nouveaux concepts dans le domaine des systews de commandes de vol
orientes missions)
P. Guicheteau, ONERA (FR)

22. Lle Role de la Simulation pour 1'Etuds d’'Aide au Pilotage par Imagerie Synthetique (APIS)
R. Miginiac, P. Pagnier, P. Larroque, Dassault Aviation (FR)

Technical Tour - SONACA, Gosselies

Thursday 17 October
23}, The Use of Ground Based Simulation for Handling Qualities Research: A New Assescment

D. Mitchell. Systems Technology Inc.. R. Hoh, Hoh Aeronautics Inc.,
A. Atencio, Jr., D.L. Key, US Army, Ames Research Center (US)

24. Initial Validation of an R & D Simulator with Large Amplitude Motion
A.D. White. J.R. Hall, B.N. Tomlinson (UK)

Session 5 - Research Applications (Part 2)
Chairmen: J. van Doorn (NE), D. Agneessens (BE)

25. Use of a Virtual Cockpit for the Development of a Future Transport Aircraft
K. Kricke. W. Quellmann, Deutsche Airbus (GE)

26. The Role of Systems Simulation for the Development and Qualification of ATTAS
D. Hanke, H.-H. Lange, P. Saager, DLR (GE)

27. The Use and Effectiveness of Piloted Simulation in Transport Aircraft Research and Development
J. Hodgkinson, K.F. Rossitto. E.R. Kendall. Douglas Aircraft Co. (US)

28. The Evaluation of IFR Approach Techniques: Generic Helicopter Simulation compared with Actual Flight
L.D. Reid, 5. Advani, J.H. de Leeuw, University of Toronto (CA)

29. Application of Piloted Simulation to High Angle-of-Attack Flight Dvnamics Research for Fighter Aircraft
M.E. Ogburn. J.V. Foster, K.D. Hoffler, NASA Langley (US)

30. Effective Cueing during Approach and Touchdown - Comparison with Flight
P. Beckett. British Aerospace (UK)

Closing Ceremony




REPORT DOCUMENTATION PAGE
1. Recipient’s Reference | 2. Originator’s Reference | 3. Further Reference * 4. Security Classification;
of Document
AGARD-AR-315 | ISBNY2-835-0669-3 | UNCLASSIFIED |
| ! i
| 5. Originator Advisory Group for Aerospace Research and Development ‘
| North Atlantic Treaty Organization
' 7 Rue Ancelle. 92200 Neuilly sur Seine. France
6. Title TECHNICAL EVALUATION REPORT ON THE FLIGHT
i MECHANICS PANEL SYMPOSIUM ON PILOTED SIMULATION
EFFECTIVENESS
7. Presented at
j
8. Author(s)/Editor(s) | 9.Date ‘
A.G.Barnes ; April 1992 l
J
]
10. Author's/Editor's Address ; 11. Pages ‘
17. North House Lane 18 !
Lytham St Annes, Lancs.. FY8 4NT. | ‘i
‘ United Kingdom ‘ -
12. Distribution Statement This document is distributed in accordance with AGARD

policies and regulations. which are outlined on the
| back covers of all AGARD publications.

: 13, Keywords/Descriptors !

Flight simulators Civil aviation }
Flight simulation Flight characteristics !
Effectiveness Aircraft '
Pilot training Product development }
\irborne operations .

14. Al »iract

|
! Th'~ report evaluates the AGARD Flight Mechanics Panel Symposium on “Piloted Simulator »
é Effc tiveness™. held from [4th to 1 7th October 1991, in Brusscls, Belgium. {
|

The intention of the Symposium was to assess the benefits and the future potential of flight
simuiat’on in contributing to aircraft development. skill training, and mission training, for both
fixed wing and rotary wing aircraft. In particular. contributors were asked to compare the results
of simulated and real tasks.

flight simulation has greatly improved since the last FMP Symposium on this topic. in 1985. The
cmpbhasis of work relating to fixed wing aircraft has shifted towards systems integration. A greater
contribution to helicopter design and clearance is also evident.

The papers were wide ranging and of high quality; several new ideas emerged. The technology of I
!

Although new visual display devices show great promise for military flight training at high speed.
low level. they are not yet fully proven. and it is reccommended that an carly return is made to the
topic of pilot training. Simulator validation and fidelity are also of growing importance.

The full texts of the papers presented at this Symposium are published in AGARD-CP-513.




wowdoPasp uonanpold
ey

sousuaIRIeyd 1yl
UONBIAR [IAID)

suonesado susogy
Quinenyyopg
SSaUIANSYT

uonejnus 1y 4
ssoyepnus 1y

SIE-dV-QUVvOV

‘oLd

‘yesane Jum L1ei01 pue Sum paxy yloq 10) ‘uinen
uoissin  pue ‘Suturenn [uys “JuswdojpAdp yerose 0)
Sunnquuod ut uonenuts 1Yy jo [enuasod azmng ay) pue
siyauaq Ay ssasse 0 sem wnsodwiAg Ayl JO uonuANUI Y|

‘wnid|ag ‘spassnig Ui [ 661 12G0I00 YIL T 01 Yip | Wwoly
PIdY * S$auaAndays lowpnuis pajojd. uo wnisodwig
Puey soweydap Wl QU VOV oyl soiengead 1odas sty |

soded g

2061 [Hdy paysiqng

SalIRg OV Aq

SSANTALLDFAAT NOILVINAIS

AALOTId NO WNISOdWAS SOINVHIAW LHDITA
FHL NO LYOdTd NOLLVNTVAH TVIINHO3L
OLVN wuawidopaagg

pue yoeasay edsosay 105 dnoin L1osuupy

St Hoday A10sIApy (Y VNV

woawdoPAdp uondnpusy
Yrioay

sansuageseyd 1484
UOKIRIAR [1A1)

suoneiado swogay
Juimen jopg
SSOUIATIDY

uonepnuns 34
sioepmuns 1ydn g

S1EAV-AQUvHY

‘OLd

-yeadne Summ K1ejo1 pue Juim paxy yioq 1oy ‘Suwuten
uoissiw  pue ‘Jwuren s ‘udwidojaasp yeidse 0y
Sunnguiyuod ut vonejnuns By Jo (enuAaed aimng sy pue
sHjauaq M) SSasse 01 sem winisodwAg syl Jo HoNUAL AU |,

‘wnifag 'SPssnIg U 1661 19010 YL | 0 yip | wolj
PIPY °, SSIUIANIAYY Jolejnung PAlojid.. uo wmsodwAg
e saueygoapy A4 QU VOV 24U soentead podas siy |

saded g

2661 1udy paysiyng

saweg OV £q

SSANTALLOAAI3 NOLLVINNIS

(ALOTId NO WOISOdWAS SOINVHIIW LHOI'TH
AHL NO L4OdTd NOILVNTVAT TVIINHOIL
OLVN ‘tuswdoaaag

pue yoreasay dedsolay 10y dnoigy L10s1apy

S 1€ noday Aosapy QUVOV

wawdopaap uononpoid
yenny

sousuaeseyd w34
UONRIAR [IA1D)

suonerado susogquy
Suimen opyg
$$aUDANIIYT

vonenuns 1ydi4
ssopemus )4

SIE-AV-UVOV

‘OLd

‘yyeioste Suim K1ejos pue Suim paxy loq oy ‘Fuuren
uoissii pue ‘Juinen s tuawdopaap yeoawe o)
Sunnquuod ut uonegnws 1Yy Jo fenuasod daning ay pue
slyauaq Yl ssasse o3 sem wnisodwAg ay Jo uonuAUI Y,

‘wnidg 'SPSSNIE UL 1661 $2GOI0 YILT 01 Yip ] WOy
Play *,SSoUaAndays] tojejnuils pajojld, uo wmsodwig
12uey soureyda 1y QU VOV 24 sarenjean odas sy |

safed g

7661 tudy paystiqng

soueg Oy Aq

SSANIALLOAA4T NOLLVINNIS

AALOTId NO WNISOdWAS SOINVHOIW LHOI'Y
AdHL NO L4OdT¥8 NOLLVYIVAT 'TVOINHOAL
OLVN "uswdojaaacy

pue yoreasay dedsoiay 103 dnouny K1osiapy

S 1€ Moday L10SIApY QUVOV

wawdoaap vondNposy
yeny

sausuaorIeyd a4
UONBIAE [IALD

suonesado avioqay
Juen jopg
SS2UAALDAIYPY

vonenus 3ydng
siopepnans Yy g

SIE-UV-(AVHVY

oLd

-yraaae Suim K1ejos pue Suim paxy yioq 1oj ‘Sututen
uosssie pue Juuen s wowdoPasp yesole o)
Funnquiued w vonenus wydy jo fenumod ainny oy pue
SIYaUAQ MY SSAsSe 0) sem wnisodwAg Ayl Jo BOPUAIUI Y],

“wd|ag 'SpssnIg UL 1661 324010 YL T 01 Yy ] Woy
PI2Y *,SSU3ANDIYT JolRnUIS PO, uo winisodwkg
PuRg soeydaI 1yS 4 QUVOV 241 sarenjeas podar sy

safled g

z661 dy paysyang

sowreg 'V Aq

SSANIALLDFA43 NOLLVINNIS

AALOTId NO WNISOdINAS SOINVH)AW LHOI'TS
AHL NO LJOdAY NOLLVIYTIVAY 'IVOINHOAL
OLVN “uawdojaanag

pue yaaeasay asedsoray 10§ dnoig Kaosiapy

§1¢ woday K10sipy QUVOV




£-6990-S€8-76 NESI

‘tls
-d2-QYVOV Ul paysiiand a1e wintsodwig siy) 1e payuasaxd siaded ay jo sixa1 yny ay,

-asuepiodun
Sumosd Jo osie 21 APy pue vonepyea sojrmuts ‘Rues 1opd jo adoy ay) o) apew
STUINIAL AIBI UR 1oyl papuswiwonas s131 pue ‘usaoad K[ng 124 jou axe Aoy ‘[paa) moy ‘paads
By 1e urareay wiiy Lenpa oy asnaoad 10§ moys soaaap Aepdsip ensia mou ydnoyny

JUIPIAD
osje 81 2ouesa)d pue udiap uadostpy 03 vonnguIuod Jaeard v ruonesdour swasAs
SpIemOl paytys sey jyesne Sum paxy o1 Funepds y1om jo siseydwa ay) ¢gp1 w ‘oidoy
sty) uo winisodwiAg JjA[ 151 2y3 2ouis pasorduit Apessd sey vonenwis 1431y jo ABojouyon
oy, padiowd seapt aau jerdads Guenb yfiy jo pue SwBues apim siam siaded gy

SN B PUR PIRINWILS JO S1Nsaa oY) Jandiuos 03 payst 21om s10inquiues emaaed u)

£-6990-S€8-76 NS

‘tls
-dD-QUVDHYV ui paysiqnd are wnisodwAg siyy 1e pajuasaad ssaded ayy Jo sixa iy ay

"asueysodun
Buimoad Jo ose 21w Lppy pure vonepIEA JOIRINWIS “Bureny 1opd o ardoy ayr o) spew
S1UINIAI ALIED U 12Y) POPUIWWOIDI S 11 Pue ‘uaa0ad A[jng 194 10U 318 K311 A3y MO) ‘paads
iy 12 Quparen iy e o) aswoad 18 moys $201A0p Ardsip [ensia mou ySnoyyy

‘JUapIAd
Os[e st 2ouesea(d pue udisop sadostoy o) vounguiued saed v uonriSaul swisks
SpIRMO) payIYs Sey yeadne uim paxy ol Suneas y1om o siseydws oy sg61 Ut ‘ndoy
$141 uo wnsodwiAS JiN 4 15e) ays 2ous pasosdust Apieaid sey uonepnuns iydiy jo £3ojouydar
oy, padiawd seapl mau jeaaans Aienb yfiy jo pue Swilues Spim dom siaded ayy

SHSEL RS PUR PAARINWIS JO SINSDE Y1 edwiod o) payse 21am s101nqLsed senonaed uj

£:6990-S£8-76 NASI

TS
-dD-AUVOV ut paysignd ue winisodwiAg sy 1e paruasasd siaded oy jo sixay jyny Ay

-asueprodun
Suimosd Jo osie a1e Kiapy pue uonepiea Jowenuig Surnes jopd Jo ordoy ayy 0) apew
S1uInia1 A1183 UE Jey) PIPUIWIWIID] $1 11 pue ‘udAoxd A[ny 194 1ou 218 Kay) *[9A3] mo| ‘paads
yilug 1 Jupuren Sy Lrenpu 1oy asiwoad 18219 moys s301aap Aedsip ensia mau ydnoglly

JUAPIAD
Os[e St 2duRIRD pue udisop 1adodyay 01 UoRNQLIUD 1T v uoneldanul swsks
SPIRMOL POYIYs sey Jesoare Juim paxy 01 Suneds yiom Jo siseydwd sy sg61 n ‘ndoy
sty uo wnisodwAS N 1581 ) 3ougs pasosdun Aj1essd sey uonejnuns 1431y Jo £3ojouyday
sy L, podsowd seapt mou (eroaas Appenb yfiy jo pue Swues apim ssom siaded ML

SYSEL QL pUE paIRnuis o sinsas o daedwiod o payse dsom <101mquiuos semonaed u)

£-6990-S€8-76 NESI

tis
-dJ-QY VOV Ul paysiignd ae wmsodwAg siyy e pajuasaad siaded agy jo sixay T

‘suepodun
3umoid jo osje a1e Anpppy pue vonepiEa JolRRUS ‘Furnes 1001d jo mdoy ayi o3 apew
S1UINI3L £|423 UR 1BY) PIPUaWIWIODD S1 )1 PUR ‘udA01d {jny 19K 10U 21€ K3y *|2A3) mo) ‘paads
Yy 1e Fururen wRiy Kenpu sop ssiwosd 18018 moys saomap Keydsip jensia mau ydnoyy

“JUIPIAD
OSje s1 aduesed)d pue udsdp amdoapy o1 vonnguiuea 13 v uoneadaur swaysks
SPIEMO) payIys sey Yesone Juim paxy ol uneias yiom jo siseydwa ay] 5861 W *ndoy
sty uo winisodwikS dIN A 188 ayr 2ouis pasosdun Aj3eass sey uoneinuns 1y jo £3oouysn
g padiowd seapr mou [riasas Anpenb yfiy jo pur Snfurs spm aam siaded ayg

SYS [RDI PUR PARIAWIS JO $1 RS Y1 EdWod 01 paysi 10m S30IngUINO ‘Jepnonsed ug




AAGAIRID
NATO -@- OTAN
7 RUE ANCELLE - 92200 NEUILLY-SUR-SEINE
FRANCE

. Téléphone (1)47.38.57.00 - Télex 610 176
Télécopie (1)47.38.57.99

DIFFUSION DES PUBLICATIONS
AGARD NON CLASSIFIEES

L'AGARD ne détient pas de stocks de ses publications. dans un but de distribution générale a I'adresse ci-dessus. La diffusion initiale des
Bl‘gbhganons de 'AGARD est effectuée aupres des pays membres de cette organisation par I'intermédiaire des Centres Nationaux de

stribution suivants. A I'exception des Etats-Unis. ces centres disposent partois d'exemplaires additionnels; dans les cas contraire. on peut
se procurer ces exemplaires sous forme de microfiches ou de microcopies aupres des Agences de Vente dont la liste suite.

CENTRES DE DIFFUSION NATIONAUX

ALLEMAGNE
Fachinformationszentrum.
Karlsruhe
D-7514 Eggenstein-Leopoldshafen 2

BELGIQUE
Coordonnateur AGARD-VSL
Etat-Major de la Force Aérienne
Quartier Reine Elisabeth
Rue d’Evere, 1140 Bruxeiles

CANADA
Directeur du Service des Renseignements Scientifiques
Ministére de la Défense Nationale
Ottawa, Ontario K1A 0K2

DANEMARK
Danish Defence Research Board
Ved ldraetsparken 4
2100 Copenhagen O

ESPAGNE
INTA (AGARD Publications)
Pintor Rosales 34
28008 Madrid

ETATS-UNIS
National Aeronautics and Space Administration
Langley Research Center
M/S 180
Hampton. Virginia 23665

FRANCE
O.N.E.R.A. (Direction)
29, Avenue de la Division Leclerc
92322 Chatillon Cedex

GRECE
Hellenic Air Force
Air War College
Scientific and Technical Library
Dekelia Air Force Base
Dekelia, Athens TGA 1010

. LE CENTRE NATIONAL DE DISTRIBUTION DES ETATS-UNIS (NASA) NE DETIENT PAS DE STOCKS
DES PUBLICATIONS AGARD ET LES DEMANDES D'EXEMPLAIRES DOIVENT ETRE ADRESSEES DIRECTEMENT
AU SERVICE NATIONAL TECHNIQUE DE L'INFORMATION (NTIS) DONT L'ADRESSE SUIT.

AGENCES DE VENTE

i

ISLANDE
Director of Aviation
¢/o Flugrad
Reykjavik

ITALIE
Aeronautica Militare
Ufficio del Delegato Nazionale all' AGARD
Aeroporto Pratica di Mare
00040 Pomezia (Roma)

LUXEMBOURG
Voir Belgique

NORVEGE

~  Norwegian Defence Research Establishment
Attn: Biblioteket
P.O.Box 25
N-2007 Kjeller

PAYS-BAS
Netherlands Delegation to AGARD
National Aerospace Laboratory NLR
Kluyverweg |
2629 HS Delft

PORTUGAL
Portuguese National Coordinator to AGARD
Gabinete de Estudos e Programas
CLAFA
Base de Alfragide
Alfragide
2700 Amadora

ROYAUME UNI
Defence Research Information Centre
Kentigern House
65 Brown Street
Glasgow G2 8EX

TURQUIE
Milli Savunma Bagkanhg (MSB)
ARGE Daire Bagkanh@ (ARGE)
Ankara

National Technical Information Service ESA/Information Retrieval Service The British Library
(NTIS) European Space Agency Document Supply Division
5285 Port Royal Road 10, rue Mario Nikis Boston Spa, Wetherby
Springfield. Virginia 22161 75015 Paris West Yorkshire LS23 7BQ
Etats-Unis France Royaume Uni

Les demandes de microfiches ou de photocopies de documents AGARD (y compris les demandes faites aupres du NTIS) doivent comporter
la dénomination AGARD, ainsi que le numero de série de 'AGARD (par exemple AGARD-AG-315). Des informations analogues, telles
que letitre et [a date de publication sont souhaitables. Veuiller noter qu'il y a lieu de spécifier AGARD-R-nnn et AGARD-AR-nnnlorsdela
commande de rapports AGARD et des rapports consultatifs AGARD respectivement. Des références bibliographiques completes ainsique

des résumés des publications AGARD figurent dans les journaux suivants: |

Scientifique and Technical Aerospace Reports (STAR)
publi¢ par la NASA Scientific and Technical
Information Division

NASA Headquarters (NTT)

Washington D.C. 20546

Etats-Unis

Govemment Reports Announcements and Index (GRA&T)
publié par le National Technical Information Service
Springtield

Virginia 22161

Etats-Unis

(accessible également en mode interactif dans la base de
données bibliographiques en ligne du NTIS, et sur CD-ROM)

Imprimé par Specialised Printing Services Limited
40 Chigwell Lane, Loughion, Essex 1G10 3TZ




AGARD

NATO @ OTAN

7 RUE ANCELLE - 92200 NEUILLY-SUR-SEINE DISTRIBUTION OF UNCLASSIFIED
FRANCE AGARD PUBLICATIONS

. Telephone (1)47.38.57.00 - Telax 610 176
Tolefax (1)47.30.57.99

AGARD does NOT hold stocks of AGARD publications at the above address for general distribution. Initial distribution of AGARD
publications is made to AGARD Member Nations through the following National Distribution Centres. Further are sometimes
available m tl.:eelse Centres (except in the United States), but if not may be purchased in Microfiche or Photocopy from the Sales
Agenues ow.

NATIONAL DISTRIBUTION CENTRES

BELGIUM LUXEMBOURG
Coordonnateur AGARD — VSL See Belgium
Etat-Major de la Force Aérienne
Quartier Reine Elisabeth NETHERLANDS )
Rue d’Evere, 1140 Bruxelles Netherlands Delegation to AGARD
WNMMW 2629 HS Dem'
Dept of National Defence e e
Ottawa, Onaario K1A 0K2 N O Y ian Def " E |n| l
DENMARK Am Biblioteket .
Dwnish Defence Research Board P.0. Box 25 o
N-2007 Kjeller
“Ved Idractsparken 4
. 2199 Copenhegen © . PORTUGAL
gogugum National Coordinator to AOARD
ONERA. (Direction abinete de Estudos e Programas
20 Awennve de Ia Division Lecierc CLAFA  fracid
92322 Chatillon Cedex - Alf ?:le agide
GERMANY 2700 Amadora
Fachi:fnc:ermaﬁonsmtrum SPAIN
D-7514 Eggenstei-Léopoldshafen 2 PILA (AGARD Publications) ~
GRE!E{CE 28008 Madrid
elienic Air Force TURKEY
Air War Coll Milli Savunma Bagkanhi (MSB
» . Scientific and e%‘eedmwnl Library
" Dekelia Air Force Base ﬁ‘iﬁp‘"” Baskanli (% g)
Dekelia, Athens TGA 1010
: UNITED KINGDOM i
ICELAND .~ Defence h Information Centre *
Director of Aviation -~ Kentigern Lt IR
¢/o Flugrad ~ 4 65 Brown k 3
Reykjavik Glasgow G2 8EX
ITALY’ - "UNT&ATES
Acronautica Militare National Aeronautics and Space Administration (NASA)
Ufficio del Delegato Nazionale allAGARD Langley Research Center
Aeroporto Pratica di Mare M/S'180
00040 Pomezia (Roma) Hampton, Virginia 23665

THE UNITED STATES NATIONAL DISTRIBUTION CENTRE (NASA) DOES NOT HOLD
- STOCKS OF AGARD PUBLICATIONS, AND APPLICATIONS FOR COPIES SHOULD BE MADE
DIRECT TO THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS) AT THE ADDRESS BELOW.

SALES AGENCIES

National Technical ESA/Information Retrieval Service The British Library
Information Service (NTIS) European Space Agency Document Centre
5285 Port Royal Road 10, rue Mano Nikis Boston

Virginia 22161 75015 Paris West Y LS23 TBQ

nited States France United Kingdom
Requests for microfiches or photocopies of AGARD documents (including requests to NTIS) should include the word ‘AGARD’ and the
AGARD serial number (for example AGARD-AG-315). Collngnl information such as mle) and publication date is desirabie. Note that
AGARD Reports and Advisory Repom should bes as AGARD-R-nnn and AGARD-AR-nnn, respectively. Full
references and abstracts of AGARD pubtications are given in the following journals:
Scientific and Technical Aerospace mu (STAR) Government Reports Announcements and Index !GRA&I)
rublnhed by NASA Scientific and T blished by the National Technical Information
nformation Division g“ ingfield

NASA Headquarters (NTT) \Jirginia 22161
Washington D.C. 20546 United States
United States also available online in the NTIS Bibliographic

base or on CD-ROM)

Printed by Specialised Printing Services Limited
40 Chigwell Lane, Loughton, Essex IG103TZ

ISBN 92-835-0669-3




END
- FILMED

“7-92.

- DTIC




